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4XHVWLRQ�3DSHU�&RGH�������

6(&7,21�±�$

(Q. Nos. 1 - 5 are of one mark each)

�� 7KH�SUDFWLFH�RI�PDWLQJ�XQUHODWHG�DQLPDOV�ZLWKLQ�WKH�VDPH�EUHHG��EXW�ZLWK�QR�FRPPRQ
DQFHVWRU�RQ�HLWKHU�VLGH�RI�WKH�SHGLJUHH�IRU�����JHQHUDWLRQ�LV�NQRZQ�DV

�D� RXW�EUHHGLQJ �E� RXW�FURVVLQJ

��F� FURVV�EUHHGLQJ �G� LQ�EUHHGLQJ

$QV� ���E����RXW�FURVVLQJ

>��0DUN@

25

%DFWHULD�SUHVHQW�LQ�UXPHQ�RI�D�FDWWOH�GLJHVW�FHOOXORVH�WR�SURGXFH

��D� 3RO\VDFFKDULGHV �E� 6XFURVH

��F� (WKDQRO �G� 0HWKDQH

$QV� �G��� 0HWKDQH >��0DUN@

�� ,W�LV�REVHUYHG�WKDW��WKH�VSHFLHV�GLYHUVLW\�GHFUHDVHV�DV�ZH

�D� PRYH�DZD\�IURP�HTXDWRU�WR�SROHV

�E� PRYH�WRZDUGV�HTXDWRU�IURP�SROHV

�F� PRYH�DORQJ�WKH�HTXDWRU

�G� PRYH�IURP�GHVHUWV�WR�UDLQ�IRUHVWV�

$QV� �D��� PRYH�DZD\�IURP�HTXDWRU�WR�SROHV� �� >��0DUN@

25

&1*�LV�SUHIHUUHG�DV�D�IXHO�RYHU�GLHVHO�IRU�SXEOLF�WUDQVSRUW�EHFDXVH

�L� LW�LV�FRVW�HIIHFWLYH� �LL� LW�EXUQV�DOPRVW�FRPSOHWHO\�

�LLL� LW�FDQ�EH�UHF\FOHG� �LY� LW�EXUQV�RQO\�SDUWLDOO\�

&KRRVH�WKH�FRUUHFW�FRPELQDWLRQ�

��D� �L�����LL� �E� �L�����LLL�

��F� �LL�����LLL� �G� �LLL�����LY�

$QV� �D�����L�����LL� >��0DUN@
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�� 7KH�DXWRVRPDO�GLVRUGHU�GLVHDVH�LQ�KXPDQV�LV

��D� &RORXU�EOLQGQHVV �E� 7KDODVVHPLD

��F� +DHPRSKLOLD �G� 7XUQHU¶V�6\QGURPH

$QV� �E��� 7KDODVVHPLD >��0DUN@

�� )LOLIRUP�DSSDUDWXV�LQ�WKH�HPEU\R�VDF�RI�DQ�DQJLRVSHUP�LV�SUHVHQW�DW�WKH�PLFURS\OHU�WLS�RI

�D� &HQWUDO�FHOO �E� (JJ�FHOO

�F� 6\QHUJLGV �G� $QWLSRGDOV

$QV� �F��� 6\QHUJLGV

>��0DUN@

�� &KRRVH�WKH�FKURPRVRPH��LQ�D�KXPDQ��WKDW�SRVVHVVHV�OHDVW�QXPEHU�RI�JHQHV�

�D� ��VW�&KURPRVRPH �E� $XWRVRPH

��F� ;�&KURPRVRPH �G� <�&KURPRVRPH

$QV� �G���� <�&KURPRVRPH >��0DUN@

6(&7,21�±�%

(Q. Nos. 6 - 12 are of two marks  each)

�� 9HU\�VPDOO�DQLPDOV�OLNH�KXPPLQJ�ELUGV�DUH�UDUHO\�IRXQG�LQ�SRODU�UHJLRQV��:K\�"

$QV� 6LQFH�VPDOO�KXPPLQJ�ELUGV�KDYH�ODUJH�VXUIDFH�DUHD�UHODWLYH�WR�WKHLU�YROXPH���WKH\��WHQG�WR�ORVH�ERG\
KHDW�YHU\�IDVW���ZKHQ�LW�LV�FROG�RXWVLGH�WKH\�KDYH�WR�H[SHQG�PXFK�HQHUJ\���WR�JHQHUDWH�ERG\
KHDW� �ò�î��

>��0DUNV@

�� �D� +RZ�PDQ\�SULPDU\�SURGXFHUV�GR�\RX�WKLQN�ZRXOG�EH�QHHGHG�WR�VXSSRUW�VL[�WHUWLDU\
FRQVXPHUV�LQ�D�JUDVVODQG�HFRV\VWHP�"

�E� 'UDZ�D�JUDVVODQG�S\UDPLG�WR�VXEVWDQWLDWH�\RXU�DQVZHU�
$QV� �D� 6LQFH�QXPEHU�RI�WHUWLDU\�FRQVXPHUV�LV�VL[�KHQFH�QXPEHU�RI�SULPDU\�SURGXFHUV�LV�PDQ\

PRUH��LQ�QXPEHU�WKDQ�WHUWLDU\�FRQVXPHUV�� �ò

E�

 ��ò

�PDUN�IRU�FRUUHFW�RUGHU�RI�WURSKLF�OHYHOV�ZLWK�GHFUHDVLQJ�QXPEHU�
>ò���ò ���0DUNV@



���������������'369.���

�� :ULWH�WKH�EDVLV�RI�QDPLQJ�WKH�UHVWULFWLRQ�HQGRQXFOHDVH�(FR5,�

$QV� 7KH�ILUVW�OHWWHU�FRPHV�IURP�WKH��JHQXV��Escherichia���DQG�WKH�VHFRQG�WZR�OHWWHUV�IURP�WKH��VSHFLHV�
coli�RI�SURNDU\RWLF�FHOO�IURP�ZKLFK�WKH�HQ]\PH�LV�LVRODWHG���,Q�(FR5,�WKH�OHWWHU�5�LV�GHULYHG�IURP�WKH
QDPH�RI�VWUDLQ���5RPDQ�QXPEHU�LQGLFDWH�WKH�RUGHU�LQ�ZKLFK�HQ]\PH�ZDV�LVRODWHG��IURP�WKH�VWUDLQ�RI
EDFWHULD�� �ò�î��

>��0DUNV@

�� 7ZR�FKLOGUHQ�RQH�ZLWK�EORRG�JURXS�µ$%¶�DQG�RWKHU�ZLWK�EORRG�JURXS�µ2¶�DUH�ERUQ�WR�SDUHQWV�
ZKHUH�WKH�IDWKHU�KDV�EORRG�JURXS�µ$¶�DQG�WKH�PRWKHU�KDV�EORRG�JURXS�µ%¶��:RUN�RXW�D�FURVV
WR�VKRZ�KRZ�LV�LW�SRVVLEOH�"

$QV� )DWKHU�,$�L�� �ò î ,%�L 0RWKHU� �ò

,$ L ,% L

,$,% L�L
%ORRG�JURXS�µ$%¶�� �ò %ORRG�JURXS�µ2¶  �ò >��0DUNV@

��� 1DPH�WKH�W\SHV�RI�DFTXLUHG�LPPXQH�UHVSRQVHV��DQG�WKH�VSHFLDO�W\SHV�RI�O\PSKRF\WHV
LQYROYHG�LQ�SURYLGLQJ�WKHP�

$QV� +XPRUDO�LPPXQH�UHVSRQVH���%�O\PSKRF\WHV���%�FHOOV� �ò�î��

&HOO�PHGLDWHG�LPPXQLW\���FHOO�PHGLDWHG�UHVSRQVH���7�O\PSKRF\WHV���7�FHOOV� ��ò�î��
>��0DUNV@

25

1DPH�WZR�RUJDQLVPV�EHORQJLQJ�WR�WZR�GLIIHUHQW�NLQJGRPV��WKDW�DUH�FRPPRQO\�XVHG�DV
ELRIHUWLOL]HUV��DQG�KRZ�"

$QV� �L� 0\FRUUKL]D��IXQJL����JHQXV�Glomus�DEVRUEV�SKRVSKRUXV�IURP�VRLO�DQG�SDVVHV�LW�WR�WKH
SODQW

�LL� 5KL]RELXP��PRQHUD����IL[HV�DWPRVSKHULF�QLWURJHQ�DQG�LQFUHDVHV�VRLO�IHUWLOLW\����

&\DQREDFWHULD��PRQHUD����IL[HV�DWPRVSKHULF�QLWURJHQ�DQG�LQFUHDVHV�VRLO�IHUWLOLW\�����

Azospirillum / Azotabacter �PRQHUD�� � IL[HV� DWPRVSKHULF� QLWURJHQ� DQG� LQFUHDVHV� VRLO
IHUWLOLW\� �ò�î��

>��0DUNV@

��� �D� 1DPH�WKH�VWUXFWXUH�VHHQ�RQ�WKH�VXUIDFH�RI�EODFN�SHSSHU�DQG�EHHW�VHHGV��QRW�VHHQ
RQ�D�EHDQ�VHHG��0HQWLRQ�WKH�SDUW�RI�WKH�RYXOH�LWV�LV�D�UHPQDQWV�RI�
�E� 1DPH�WKH�RXWHU�OD\HU�RI�D�PDL]H�JUDLQ��DQG�VWDWH�ZKHUH�JHQHUDOO\�GRHV�WKLV�OD\HU�JHWV

GHYHORSHG�LQ�D�IORZHULQJ�SODQW�

$QV� �D� 3HULVSHUP���QXFHOOXV� �ò�î��

�E� 3HULFDUS���RYDU\�ZDOO��DIWHU�IHUWLOL]DWLRQ��� �ò�î��

>������ ��0DUNV@
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��� :K\�DUH�FHUWDLQ�DQLPDOV�FDOOHG�µWUDQVJHQLF¶�"�*LYH�DQ�H[DPSOH�RI�VXFK�DQ�DQLPDO�WKDW�LV
EHLQJ�XVHG�IRU�WHVWLQJ�WKH�YDFFLQH�VDIHW\�IRU�D�VSHFLILF�KXPDQ�GLVHDVH��1DPH�WKH�GLVHDVH�

$QV� �7UDQVJHQLF�DQLPDOV����$QLPDOV�KDYH�WKHLU�'1$�PDQLSXODWHG�WR�SRVVHVV�DQG�H[SUHVV�DQ�H[WUD��IRU�
HLJQ��JHQH� ��

7UDQVJHQLF�PLFH���SROLR� �ò�î��

>��0DUNV@

6(&7,21�±�&

(Q. Nos. 13 - 21 are of three marks  each)

��� +RZ�ZRXOG�\RX�GLIIHUHQWLDWH�EHWZHHQ�JURVV�SULPDU\�SURGXFWLYLW\� IURP�QHW�SULPDU\
SURGXFWLYLW\��DQG�VHFRQGDU\�SURGXFWLYLW\�RI�DQ�HFRV\VWHP�

$QV� �*URVV�3ULPDU\�3URGXFWLYLW\����5DWH�RI�SURGXFWLRQ�RI�RUJDQLF�PDWWHU�GXULQJ�SKRWRV\QWKHVLV� �

�1HW�3ULPDU\�3URGXFWLYLW\����$YDLODEOH�ELRPDVV�IRU�FRQVXPSWLRQ�WR�KHWHURWURSKV��KHUELYRUHV�DQG
GHFRPSRVHUV����JURVV�3ULPDU\�SURGXFWLYLW\�PLQXV�UHVSLUDWRU\�ORVVHV���*33���5� �133���� ��

�6HFRQGDU\�3URGXFWLYLW\����5DWH�RI�IRUPDWLRQ�RI�QHZ�RUJDQLF�PDWWHU�E\�FRQVXPHUV� ��

>���������� ���0DUNV@

25

�D� �([SODLQ�WKH�FRQFHSW�RI�HQGHPLVP�

�E��1DPH�IRXU�UHJLRQV�LQ�DQG�DURXQG�RXU�FRXQWU\�WKDW�DUH�FRQVLGHUHG�KRW�VSRWV�

$QV� �D� 6SHFLHV�FRQILQHG�WR�D�SDUWLFXODU��JHRJUDSKLFDO��UHJLRQ��DQG�QRW�IRXQG�DQ\ZKHUH�HOVH� �ò�î��

�E� :HVWHUQ�*KDWV���+LPDOD\D��,QGR�%XUPD���6UL�/DQND� �ò�î��� ��

>������ ���0DUNV@
��� ,W�LV�VWURQJO\�IHOW��WKH�ZD\�LQWHJUDWHG�ZDVWH�ZDWHU�LQFOXGLQJ�VHZDJH�ZDWHU��WUHDWPHQW�ZDV

FDUULHG�LQ�WKH�WRZQ�RI�$UFDWD��&DOLIRUQLD��FDQ�EH�HIIHFWLYHO\�XVHG�IRU�ZDVWH�ZDWHU�WUHDWPHQW
LQ�RXU�FRXQWU\��'HVFULEH�WKH�GLIIHUHQW�VWHSV�WKDW�ZHUH�FDUULHG�WR�JHW�FOHDQ�ZDWHU�IURP�ZDVWH
ZDWHU�

$QV� �,VW�VWHS����VHGLPHQWDWLRQ���ILOWUDWLRQ���DQG�FKORULQH�WUHDWPHQW�DUH�JLYHQ��VWLOO�RQ�ZDWHU�UHPDLQV�D�ORW�RI
GDQJHURXV�SROOXWDQWV�OLNH�KHDY\�PHWDOV�� �ò�î��

�,QQRYDWLYH�DSSURDFK��$�VHULHV�RI�VL[�FRQQHFWHG�PDUVKHV��RYHU����KHFWDUHV��RI�PDUVKODQG��
DSSURSULDWH�SODQWV�DOJDH��IXQJL��DQG�EDFWHULD�ZHUH�VHHGHG�LQWR�WKLV�DUHD���ZKLFK�QHXWUDOLVH�DQG�DEVRUE
DQG�DVVLPLODWH�WKH�SROOXWDQWV� �ò�î��

>��0DUNV@

��� ([SODLQ�WKH�UROH�RI�SLWXLWDU\�DQG�RYDULDQ�KRUPRQHV�LQ�WKH�PHQVWUXDO�F\FOH�RI�KXPDQV�IHPDOHV�

$QV� �3LWXLWDU\�KRUPRQHV����*RQDGRWURSLQV���)6+���FDXVHV�IROOLFXODU�GHYHORSPHQW���VHFUHWLRQ�RI�HVWURJHQ
�E\�JURZLQJ�IROOLFOHV��� �ò����ò

/+���LQGXFHV�UXSWXUH�RI�*UDDILDQ�IROOLFOH���RYXODWLRQ���UHPDLQLQJ�SDUW�RI�*UDDILDQ�IROOLFOH�WUDQVIRUP
LQWR�FRUSXV�OXWHXP�ZKLFK�UHOHDVHV�SURJHVWHURQH�� �ò����ò
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�2YDULDQ�KRUPRQH����(VWURJHQ�FDXVHV�JURZWK�DQG�PDWXUDWLRQ�RI��IROOLFOH�DQG�LV�QHFHVVDU\�IRU�UHSDLU
RI�HQGRPHWULXP��� ò

3URJHVWHURQH����QHFHVVDU\�IRU�PDLQWHQDQFH�RI�WKH�HQGRPHWULXP�IRU�LPSODQWDWLRQ� �ò

>��0DUNV@

��� �D� :ULWH�WKH�VSHFLILF�V\PSWRPV�RI�SQHXPRQLD�DQG�DPRHELDVLV�

�E� 0HQWLRQ�WKHLU�PRGH�RI�VSUHDG�LQ�D�SRSXODWLRQ�

$QV� �D� �3QHXPRQLD����FKLOOV�FRXJK�DQG�KHDGDFKH���OLSV�DQG�ILQJHU�QDLOV�PD\�WXUQ�JUD\�WR�EOXLVK�LQ�VHYHUH
FDVHV���VHYHUH�SUREOHP�LQ�UHVSLUDWLRQ��DQ\�WZR�� �ò�î��

�$PRHELDVLV����FRQVWLSDWLRQ�DEGRPLQDO�SDLQ�DQG�FUDPSV���VWRROV�H[FHVV�PXFXV�DQG�EORRG��FORWV
 �ò�î��

�E� �0RGH�RI�VSUHDGV�RI�3QHXPRQLD����LQKDOLQJ�GURSOHWV�UHOHDVHG�E\�DQ�LQIHFWHG�SHUVRQ���VKDULQJ
XWHQVLOV�ZLWK�LQIHFWHG�SHUVRQ�� �ò

�0RGH�RI�VSUHDGV�RI�$PRHELDVLV����+RXVHIOLHV�WUDQVPLW�WKH�SDUDVLWH�IURP�IDHFHV�RI�LQIHFWHG�SHUVRQ
WR�IRRG�DQG�GULQNLQJ�ZDWHU�� �ò

>������ ���0DUNV@

��� ([SODLQ� WKH�GLVFRYHU\�PDGH�E\�+HUVKH\� DQG�&KDVH�XVLQJ� UDGLRDFWLYH� VXOSKXU� DQG
SKRVSKRUXV�LQ�WKHLU�H[SHULPHQW�

$QV� 7KH\�JUHZ�YLUXVHV���EDFWHULRSKDJHV�LQ�D�PHGLXP�FRQWDLQLQJ�UDGLRDFWLYH�6XOSKXU�WR�PDNH�SURWHLQ
FRDW�UDGLRDFWLYH����JUHZ�EDFWHULRSKDJHV�LQ�UDGLRDFWLYH�3KRVSKRUXV�PHGLXP�WR�PDNH�WKHLU�'1$
UDGLRDFWLYH��

7KH\�LQIHFWHG�E.coli�ZLWK�WKHVH�UDGLRDFWLYH�SKDJHV�VHSDUDWHO\���EDFWHULD�ZKLFK�ZHUH�LQIHFWHG�ZLWK
YLUXVHV�ZLWK� UDGLRDFWLYH�SURWHLQ� �UDGLRDFWLYH�6XOSKXU��GLG�QRW� VKRZ�DQ\� UDGLRDFWLYLW\�RQ
FHQWULIXJDWLRQ��

%DFWHULD�ZKLFK�ZHUH�LQIHFWHG�ZLWK�YLUXVHV�ZLWK�UDGLR�DFWLYH�'1$�ZHUH�UDGLRDFWLYH��

7KH\�SURYHG�WKDW�'1$�LV�WKH�JHQHWLF�PDWHULDO� �ò�î��

>��0DUNV@

25

'HVFULEH�WKH�H[SHULPHQW�ZKHUH�0DWKHZ�0HVHOVRQ�DQG�)UDQNOLQ�6WDKO�XVHG�KHDY\�LVRWRSH
RI�1LWURJHQ�

$QV��7KH\�JUHZ�E.coli LQ���1+�&O�PHGLXP�IRU�PDQ\�JHQHUDWLRQV�����1�ZDV�LQFRUSRUDWHG�LQWR�QHZO\
V\QWKHVL]HG���KHDY\�'1$����WKHVH�FHOOV�ZHUH�WUDQVIHUUHG�LQWR���1+�&O���QRUPDO�PHGLXP��

'1$�H[WUDFWHG�IURP�FXOWXUH�DIWHU�RQH�JHQHUDWLRQ������PLQXWHV�KDG�K\EULG���LQWHUPHGLDWH�GHQVLW\��
'1$�H[WUDFWHG�DIWHU����PLQXWHV�ZDV�FRPSRVHG�RI�HTXDO�DPRXQWV�RI�WKLV�K\EULG�'1$�DQG�RI�µOLJKW¶
'1$���7KH�H[SHULPHQW�SURYHG�WKDW�'1$�UHSOLFDWHV�VHPL�FRQVHUYDWLYHO\� �ò�î��

��

�,Q�OLHX�RI�WKH�DERYH�H[SODQDWLRQ�WKH�IROORZLQJ�GLDJUDP�FDQ�EH�FRQVLGHUHG�
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 �ò�î�� �ò

7KH�H[SHULPHQW�SURYHG�WKDW�'1$�UHSOLFDWHV�VHPL�FRQVHUYDWLYHO\� �ò

>��0DUNV@

��� 0HQWLRQ�DQG�H[SODLQ�WKH�W\SH�RI�HYROXWLRQ�WKH�WKRUQV�RI�%RXJDLQYLOOHD�DQG�WHQGULOV�RI
&XFXUELWD�DUH�D�UHVXOW�RI��:ULWH�D�VLPLODU�H[DPSOH�IURP�DQLPDO�NLQJGRP�

$QV� 'LYHUJHQW�HYROXWLRQ� ��

%RWK�RUJDQV�KDYH�FRPPRQ�RULJLQ���DQDWRPLFDO�VWUXFWXUH�ZKLFK�LV�VWHP����EXW�GHYHORSHG�WR�SHUIRUP
GLIIHUHQW�IXQFWLRQV���IRU�GLIIHUHQW�QHHGV� �ò�î��

�([DPSOH��YHUWHEUDWH�KHDUWV���YHUWHEUDWH�EUDLQV���IRUHOLPEV��RI�PDQ�FKHHWDK�ZKDOH�EDW� ��

>��0DUNV@

��� �D� /LVW�WKH�IRXU�PDMRU�FDXVHV�RI�LQFUHDVLQJ�SRSXODWLRQ�LQ�RXU�FRXQWU\�WKDW�\RX�ZRXOG�OLNH
WR�VSHDN�RQ�WR�\RXU�IHOORZ�VWXGHQWV�

�E� :ULWH�DQ\�WZR�VWHSV�WKDW�\RX�ZRXOG�VWUHVV�XSRQ�WR�FRQWURO�WKH�SRSXODWLRQ�H[SORVLRQ�

$QV� �D� 5DSLG�GHFOLQH�LQ�GHDWK�UDWH���GHFOLQH�LQ�PDWHUQDO�PRUWDOLW\�UDWH���GHFOLQH�LQ�LQIDQW�PRUWDOLW\�UDWH
�,05�����LQFUHDVH�LQ�QXPEHU�RI�SHRSOH�LQ�UHSURGXFWLYH�DJH���LQFUHDVHG�KHDOWK�IDFLOLWLHV���LP�
SURYHG��EHWWHU�OLYLQJ�FRQGLWLRQ��DQ\�IRXU�� �ò�î��

�E� (QFRXUDJH�XVH�RI�FRQWUDFHSWLYH�PHWKRGV���VWDWXWRU\�UDLVLQJ�RI�PDUULDJHDEOH�DJH�RI�IHPDOHV�WR
���\UV�DQG�WKDW�RI�PDOHV�WR����\HDUV���LQFHQWLYHV�VKRXOG�EH�JLYHQ�WR�FRXSOHV�IRU�PDLQWDLQLQJ
VPDOO�IDPLOLHV��DQ\�WZR�� �ò�î��

>������ ���0DUNV@

��� �D� :ULWH�WKH�GLIIHUHQFH�EHWZHHQ�WKH�SUR�LQVXOLQ�DQG�PDWXUH�LQVXOLQ�

�E� +RZ�GLG�$PHULFDQ�FRPSDQ\�(OL�/LOO\�SURGXFH�KXPDQ�LQVXOLQ�XVLQJ�U'1$�WHFKQLTXH�"

$QV� �D� 3UR�LQVXOLQ���3UR�KRUPRQH�KDV�SHSWLGH�FKDLQ�$�DQG�FKDLQ�%�DORQJ�ZLWK�SHSWLGH�FKDLQ�&�LQ�WKH
PLGGOH��� �ò

0DWXUH�LQVXOLQ�KDV�RQO\�SHSWLGH�FKDLQ�$�DQG�FKDLQ�%�OLQNHG�WRJHWKHU�E\�GLVXOSKLGH�ERQG� �ò



���������������'369.���

�E� 3UHSDUHG�WZR�'1$�VHTXHQFHV�FRUUHVSRQGLQJ�WR�FKDLQV�$�DQG�%�RI�KXPDQ�LQVXOLQ���DQG�LQWUR�
GXFHG�WKHP�LQWR�SODVPLGV�RI�(�FROL�WR�SURGXFH�LQVXOLQ�FKDLQV���$�DQG�%�ZHUH�SURGXFHG�VHSD�
UDWHO\���H[WUDFWHG�DQG�FRPELQHG�FUHDWLQJ�GLVXOSKLGH�ERQGV��WR�IRUP�KXPDQ�LQVXOLQ��� ��ò�î��

>������ ���0DUNV@

��� 6WXG\�WKH�WDEOH�VKRZLQJ�WKH�SRSXODWLRQ�LQWHUDFWLRQ�EHWZHHQ�VSHFLHV�µ=¶DQG�µ<¶�UHVSHFWLYHO\�
$VVLJQ�WKH�DSSURSULDWH�µ�¶�µ±¶�VLJQV�IRU�µ$¶��µ%¶��µ'¶��µ(¶DQG�UHVSHFWLYH�LQWHUDFWLRQV�IRU�µ&¶
DQG�µ)¶�

6SHFLHV�µ=¶ 6SHFLHV�µ<¶ 1DPH�RI�,QWHUDFWLRQ

$ % 0XWXDOLVP

� � &

' ( 3DUDVLWLVP

� 2 )

$QV� $� ����SOXV�

%� ����SOXV�

&� �&RPSHWLWLRQ

'� �� �SOXV� '� ����PLQXV�

(� ����PLQXV� (� ����SOXV�

)� �&RPPHQVDOLVP  �ò�î��

>��0DUNV@

6(&7,21�±�'

(Q. Nos. 22 - 24 are of three marks  each)

��� 2EVHUYH�WKH�GLDJUDP�VKRZQ�EHORZ�RI�S%5������$QVZHU�WKH�TXHVWLRQV�WKDW�IROORZ��

�D� :KDW�LV�S%5����"

�E� :ULWH�WKH�UROH�RI�µURS¶�

�F� 6WDWH�WKH�VLJQLILFDQFH�RI�µDPS5¶�DQG�µWHW5¶�

$QV� �D� E.coli�FORQLQJ�YHFWRU��SODVPLG��DFFHSW�RQO\�LI�FORQLQJ�YHFWRU���SODVPLG�LV�PHQWLRQHG��� ��
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�E� µURS¶���FRGHV�IRU�SURWHLQV�LQYROYHG�LQ�WKH�UHSOLFDWLRQ�RI�SODVPLG�� ��

�F� 6HOHFWDEOH�PDUNHUV�ZKLFK�KHOSV�LQ�LGHQWLI\LQJ�DQG�HOLPLQDWLQJ�QRQ�WUDQVIRUPDQWV���DQG�SHUPLW�
WLQJ�WKH�JURZWK�RI�WUDQVIRUPDQWV� ��ò�î��

>��î��� ���0DUNV@
��� +DUG\�:HLQEHUJ�3ULQFLSOH�LV�VWDWHG�LQ�WKH�IROORZLQJ�DOJHEUDLF�HTXDWLRQ���3�����3T���T�� ���

�D� 6WDWH�ZKDW�GR�µ3¶�DQG�µT¶�GHQRWH�LQ�WKH�HTXDWLRQ�

�E� 6WDWH�+DUG\�:HLQEHUJ�SULQFLSOH�DV�LQGLFDWHG�LQ�WKH�HTXDWLRQ�

�F� :KDW�ZRXOG�\RX�LQWHUSUHW�LI�WKH�YDOXH�RI�µ�¶�LQ�WKH�HTXDWLRQ�JHWV�GHYLDWHG�"

$QV� �D� µ3¶�GRPLQDQW�DOOHOH���)UHTXHQF\��RI�DOOHOH�µ$¶��

µT¶�UHFHVVLYH�DOOHOH���)UHTXHQF\�RI�DOOHOH�µD¶ �ò�î��� ��

�E� 6XP�WRWDO�RI�DOO�DOOHOLF�IUHTXHQFLHV�LQ�D�SRSXODWLRQ���JHQH�SRRO�LV����DOOHOH�IUHTXHQFLHV�LQ�D
SRSXODWLRQ�DUH�VWDEOH�DQG�LV�FRQVWDQW�IURP�JHQHUDWLRLQ�WR�JHQHUDWLRQ� ��

�F� (YROXWLRQDU\�FKDQJHV���(YROXWLRQ� ��

>���������� ���0DUNV@

��� 6WXG\�WKH�SLFWXUH�RI�ELRJDV�SODQW�JLYHQ�EHORZ�DQG�DQVZHU�WKH�TXHVWLRQV��WKDW�IROORZ��

�D� 1DPH�WKH�FRPSRQHQWV�JDLQLQJ�HQWU\�IURP�$�LQWR�WKH�FKDPEHU�

�E� 0HQWLRQ�WKH�JURXS�RI�EDFWHULD�DQG�WKH�FRQGLWLRQ�LQ�ZKLFK�WKH\�DFW�RQ�WKH�FRPSRQHQW
WKDW�HQWHUHG�IURP�$�LQ�WKH�GLJHVWHU�

�F� 1DPH�WKH�FRPSRQHQWV�WKDW�JHW�FROOHFWHG�LQ�JDV�KROGHU�

$QV��D� 6OXUU\�RI�GXQJ���GXQJ�DQG�ZDWHU� ��

�E� �0LFURELDO�DFWLYLW\�RI��0HWKDQRJHQV���Methanobacterium ,�JURZ�DQDHURELFDOO\�� �ò�î��

�F� 0HWKDQH��� �ò

�&2����+����DQ\�RQH�� �ò

>���������� ���0DUNV@
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6(&7,21�±�(

(Q. Nos. 25 - 27 are of five marks each)

��� �D� +RZ�GR�QRUPDO�FHOOV�EHFRPH�FDQFHURXV�"

�E� &DQFHU�FDQ�EH�WUHDWHG�VXFFHVVIXOO\�RQO\�LI�GHWHFWHG�DW�DQ�HDUO\�VWDJH��+RZ�GR�WKH
IROORZLQJ�KHOS�LQ�GHWHFWLQJ�FDQFHU�"

�L� %LRSV\ �LL� +LVWRSDWKRORJ\ �LLL� 05,

�F� 1DPH�DQ\�WZR�PHWKRGV�WKDW�FDQ�SRVVLEO\�FXUH�FDQFHU�

$QV� �D� /RVV� RI� SURSHUW\� RI� FRQWDFW� LQKLELWLRQ� E\� QRUPDO� FHOOV� �� OHDGLQJ� WR� XQFRQWUROOHG
JURZWK�� �ò�î��

�E� �L� �%LRSV\����$�SLHFH�RI�WKH�VXVSHFWHG�WLVVXH�LV�FXW�LQWR�WKLQ�VHFWLRQ�VWDLQHG�DQG�VWXGLHG��
 �ò

�LL� �+LVWRSDWKRORJ\�����D�SLHFH�RI�VXVSHFWHG�WLVVXH�LV�H[DPLQHG�XQGHU�PLFURVFRSH�E\�D
SDWKRORJLVW�� �ò

�LLL� �05,����8VHV�VWURQJ�PDJQHWLF�ILHOGV�DQG�QRQ�LRQLVLQJ�UDGLDWLRQV���DFFXUDWHO\�GHWHFW
SDWKRORJLFDO�DQG�SK\VLRORJLFDO�FKDQJHV�LQ�WKH�WLVVXHV� �ò�î��

�F� 6XUJHU\���UDGLRWKHUDS\���UDGLDWLRQ�WKHUDS\���FKHPRWKHUDSK\���LPPXQRWKHUDS\���ELRORJLFDO
UHVSRQVH�PRGLILHUV�VXFK�DV�D �LQWHUIHURQ��DQ\�WZR��� ������

>���������� ���0DUNV@

25

�D� 6WDWH�ZKDW�LV�KLGGHQ�KXQJHU�

�E� 1DPH�WKH�FURS�EUHHGLQJ�SKHQRPHQRQ�DQG�VWDWH� LWV�REMHFWLYH�WKDW�KDV�KHOSHG�LQ
RYHUFRPLQJ�KLGGHQ�KXQJHU�

�F� ,$5,�KDV�KHOSHG�LQ�LPSURYLQJ�VRPH�YHJHWDEOH�FURSV�LQ�WKLV�UHVSHFW��([SODLQ�ZLWK�WKH
KHOS�RI�WZR�H[DPSOHV�

$QV� �D� 'HILFLHQF\�RI�PLFUR�QXWULHQWV�SURWHLQV�DQG�YLWDPLQV�LQ�GLHW� �ò

�E� %LRIRUWLILFDWLRQ��� �ò

REMHFWLYHV����7R�LPSURYH�LQ�SURWHLQ�FRQWHQW�DQG�TXDOLW\���RLO�FRQWHQW�DQG�TXDOLW\����YLWDPLQ�FRQWHQW��
DQG�PLFURQXWULHQW�DQG�PLQHUDO�FRQWHQW� ��ò�î��� ��

�F� 9LWDPLQ�$�HQULFKHG�����FDUURWV���VSLQDFK���SXPSNLQ���

9LWDPLQ�&�HQULFKHG�����ELWWHU�JRXUG���EDWKXD���PXVWDUG���WRPDWR���

,URQ�DQG�FDOFLXP�HQULFKHG����VSLQDFK���EDWKXD���

3URWHLQ�HQULFKHG����EHDQV���EURDG���ODEODE���IUHQFK���JDUGHQ�SHDV���

�DQ\�WZR�ELRIRUWLILFDWLRQV���ZLWK�WKHLU�UHVSHFWLYH�H[DPSOHV�� �ò�î��

>ò�����ò����� ���0DUNV@
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��� 7UDFH�WKH�GHYHORSPHQW�RI�D���FHOOHG�SROOHQ�JUDLQ�RI�DQ�DQJLRVSHUP�ZLWKLQ�DQ�DQWKHU��'UDZ
D�ODEHOOHG�GLDJUDP�WR�VXEVWDQWLDWH�\RXU�DQVZHU�

$QV� (DFK�FHOO�RI�VSRURJHQRXV�WLVVXH�GHYHORSV�LQWR�D�SROOHQ�PRWKHU�FHOO���PLFURVSRUH�PRWKHU�FHOO���WKDW
XQGHUJRHV�PHLRVLV�IRUPLQJ�IRXU�FHOOV���PLFURVSRUH�WHWUDG���PDWXUH�SROOHQ�JUDLQ�FRQWDLQV�WZR��FHOOV�WKH
YHJHWDWLYH�FHOO���DQG�WKH�JHQHUDWLYH�FHOO� ��ò��î��� ��

 �ò�î��� ��

>��0DUNV@
25

:KHUH�GRHV�IHUWLOLVDWLRQ�RFFXU�LQ�WKH�RYLGXFW�RI�D�KXPDQ�IHPDOH�"�([SODLQ�WKH�HPEU\RQLF
GHYHORSPHQW�IURP�IHUWLOLVHG�RYXP�XSWR�LWV�LPSODQWDWLRQ�

$QV� $PSXOODU\�UHJLRQ���RI�RYLGXFW�����DPSXOODU\��LVWKPLF�MXQFWLRQ��RI�RYLGXFW��� �ò

]\JRWH�XQGHUJRHV�PLWRWLF�GLYLVLRQ�FDOOHG�FOHDYDJH���WR�IRUP�����������GDXJKWHU�FHOOV��EODVWRPHUHV��
HPEU\R�ZLWK���EODVWRPHUHV�LV�FDOOHG�PRUXOD���FRQWLQXHV�WR�GLYLGH�DQG�WUDQVIRUPV�LQWR�EODVWRF\VW��
EODVWRPHUHV�LQ�WKH�EODVWRF\VW�DUH�DUUDQJHG�LQWR�DQ�RXWHU�OD\HU�FDOOHG�WURSKREODVW���WKDW�JHWV�DWWDFKHG
WR�HQGRPHWULXP��WKH�LQQHU�FHOO�PDVV�RI�EODVWRF\VW�JHWV�GLIIHUHQWLDWHG�DV�HPEU\R���WKH�XWHULQH�FHOOV
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GLYLGH�UDSLGO\�DQG�FRYHUV�WKH��EODVWRF\VW���EODVWRF\VW�JHWV�HPEHGGHG�LQ�WKH�HQGRPHWULXP�RI�XWHUXV
�FDOOHG�LPSODQWDWLRQ�� ��ò�î��� ��ò

>��0DUNV@

��� ([SODLQ�WKH�WZR�FRPSOH[LWLHV�WKDW�DUH�REVHUYHG�LQ�WKH�SURFHVV�RI�WUDQVFULSWLRQ�LQ�HXNDU\�
RWHV�DQG�QRW�LQ�SURNDU\RWHV�

$QV���L� 7KHUH�DUH�WKUHH�51$�SRO\PHUDVHV�LQ�WKH�QXFOHXV�51$�SRO\PHUDVH�,�WUDQVFULEHV���U51$V��
51$�SRO\PHUDVH�,,�WUDQVFULEHV���KHWHURJHQRXV�QXFOHDU�51$�KQ51$���51$�SRO\PHUDVH�,,,
WUDQVFULEHV���W51$�����VU51$���VQ51$��VPDOO�QXFOHDU�51$V� �ò�î��� ��ò

�LL� 3ULPDU\�WUDQVFULSWV���KQ51$�FRQWDLQ�ERWK�WKH�H[RQV�DQG�QRQ�IXQFWLRQDO�LQWURQV���VXEM�HFWHG�WR
VSOLFLQJ�ZKHUH�LQWURQV�DUH�UHPRYHG���H[RQV�DUH�MRLQHG�LQ�D�GHILQHG�RUGHU���KQ51$�XQGHUJRHV
SURFHVVLQJ�FDOOHG�FDSSLQJ�DQG�WDLOLQJ���,Q�FDSSLQJ�QXFOHRWLGH�PHWK\O�JXDQRVLQH�WULSKRVSKDWH�LV
DGGHG�WR��¶�HQG�RI�KQ51$���,Q�WDLOLQJ�DGHQ\ODWH�UHVLGXHV�����������DUH�DGGHG�DW��¶��HQG�LQ�D
WHPSODWH�LQGHSHQGHQW�PDQQHU���WKLV�IXOO\�SURFHVVHG�KQ51$�LV�QRZ�FDOOHG�P51$��DQG�WUDQV�
SRUWHG�RXW�RI�WKH�QXFOHXV�IRU�WUDQVODWLRQ�� �ò��î��� ��ò

>��0DUNV@

25

+RZ�GR�FHUWDLQ�SKHQRW\SHV�DSSHDU�LQ�)��SRSXODWLRQV�ZKHQ�QRQH�RI�WKH�SDUHQWV�RULJLQDOO\
H[KLELWHG�WKHP�LQ�D�GLK\EULG�FURVV�FRQGXFWHG�E\�*��0HQGHO�LQ�SHD�SODQWV��([SODLQ�

3UHSDUH�3XQQHWW¶V�VTXDUH�WR�VXEVWDQWLDWH�\RXU�DQVZHU�

$QV� 0HQGHO�FURVVHG�KRPR]\JRXV�URXQG�DQG�\HOORZ�VHHGV�SURGXFLQJ�SHD�SODQW�ZLWK�SHD�SODQWV�SURGXF�
LQJ�ZULQNOHG�DQG�JUHHQ�VHHGV��)��SURJHQ\�SURGXFHG�ZHUH�URXQG�DQG�\HOORZ�VHHGV�RQO\� �ò�î��

2Q�VHOILQJ�URXQG�DQG�\HOORZ�VHHGHG�SODQWV�RI�)��JHQHUDWLRQV�KH�JRW�URXQG�JUHHQ�VHHGV�DQG�ZULQNOHG
\HOORZ�VHHG� �ò
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